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FLUOROGENLC SUBSTRATES FOR THE DETECTION OF PROTEOLYTIC ENZYME ACTIVITY 
REFERENCE TO GOVERNMENT GRANT 

n BACKGROUND OF THE INVENTION 

1. Held of the Invention 

protect »,„ M „ e fluoric ,Z1S ** *" '*" eC,,,, " "■•"«■"« <* 

20 2. Description of Related Art 

generally expressed as part of the el^t' r^lL^^ ^ Wh ' Ch iS 

is synthesized as the C-termina. portion TSS'S^SE ^ ^ Co-^r^'" 888 ^ 
35 Immunol. 115,221(1985)] uroszian & T. Copeland, Curr. Top. Microbiol. 

263. 14617 (1988); J. Schneider et al Call" u«!»^; . u ( ,: Z ' Giam ' et al " J " BioL Chem - 

7129 fiflflflv Hr? k-r=,,«i^i, . . o TT 1B41 ('S89). R-F. Nutt, et al., Proc. Natl. Acad. Sci 85 
/i^a tiaaa). H.G. Krausslich, et al., Proc. NatJ. Acad Sci 86 fl07 /iq«q\- mi ka * . 
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Carmel. et al.. FEBS Lett 30. 11(.19A1)J »'nce i . practical application A. Yaron, et 

quenching/cleavage strategies) for protease ^ W has^n^mted pra^c app 

'a,.. Anal. Biochem *5 f><^ 129 _ 502 (1983): , y, 

, et al.. J. Am. Chem. Sot 11 1.5981 (1988).! 

SUMMARY OF THE INVENTION 

qu s„chln, acww atuched » ^t^n.^SS> cSno. and ft. XuancMng accapto,. and 

to the peptide's N-terminus. " used in assays for detecting the presence or activity of a 

cent emission can then be detected or measured. advantageously used to detect the activity of a 

The substrates ot the present .nvent.on can rtobe ^antageo y ^ 

30 K5»*SS^ Seated by the extent to which »e en 2 yme is 

^rri^slS^eC— us — 

substrate hydrolysis. Because of their simphcrty and pj«Jan .njhe determ^ 

required for kinetic analysis, these JX2!Si33KS5« have been eSpeCia " y 

35 srrr^r^ virus protease and avian 

myeloblastosis virus (AMV) protease. 

BRIEF DESCRIPTION OF THE DRAWINGS 

^depicts the chromatograms for fluorescence and 475 nanometers absorbance of the products of 
50 SrrKMSK SCtS^vity » P*** » *• - - . D>*on plot - pepstaKn 

srn^^^^"-*^ by «— , . h - ,orm of a comish - Bowden p,ot ° f 

pepstatin concentration vs. substrate concentration/reaction veloc.ty. 
55 DETAILED DESCRIPTION OF THE INVENTION 
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r ™* " !J pr0tease . enz y me - whicn is encoded by the human immunodeficiency virus-1 (HIV-D is 
ZeTre the S ° 2? ^r**" 8 "* f ° r SUbSeqUent maturation * *• inTecZl 
facHtetelr, -Jeo I TSL t th 8 ^ for « h «P«*> treatment of AIDS. To 

substrates which include a peptide structure that combines a flu^esSnt donor or ZZtHH 
quenching acceptor. Generally, the fluorescent donor and quenching aSStor are attaJhel atTe Z ^ 

10 ttxsr*?* Suitab,e fiuorescent donors for ^ ttzsss^sz 

(EDAnI c^umann arTd ££2,?? « 68 * ere ° f ' ^^ in ^0amino)napWhahme-1*Hbnte acid 
□reser^t ioTnlT , h denvat,ves - 3,141 equivalents thereof. Suitable quenching acceptors for the 

2a is HrIll!iS. ,de J h" S ?! donor/acce P tor Pair s"ch that the intrinsic fluorescence of the donor e g EDANS 
20 is dramatically reduced due to intramolecular resonance enerov transfer betw««n th« l.Zll 7Z tUAN ~; 
the quenching acceptor, e.g.. DABCYL Because ^^vZ^^eZTZZIZ^ 

TTl b T nd 3b0Ut 100 an9Stroms « *° *» ^rsSnr^an^eid^? ^ ' 
^ * e Peptide StnJCtUre is Cleaved b V *" enz y™. such ^sTproteS thereby 



I 



DABCYL 



.XT"' 



^Ser-Val-Val-Tyr-Pro-Val-Val-GIn . 



The peptide sequence of Substrate I is an octapeptide. Ser-Gln-Asn-Tyr-Pro-lle-Val-GM «,h,>h ™, 
ZEVi.*? T 8 " 7 °^ CUrrin9 939 P17/939 P24 deava « e site fc^V pSL whfch'creavi the" 

vE£ w^destoned rrr ? nd ; ^ r^ 8 sequence used in substrate »■ ^Sifzt 

AMV protease, a high Va, content is predicted to ^JSSTJSSSSi TZZSZZ 
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the various cleavage sites on AMV polyprotein [T.D. Copeland and S. Oroszlan, in Peptides: Synthesis. 
Structure and Function. D.H. Rich and E. Gross. Eds. (Pierce. Rockford. IL, 1982) pp. 497-500.'] A gamma- 
aminobutyric acid (gaba) spacer was inserted between the OABCYL group and the N-terminal Ser to avoid 
potential steric hindrance of substrate binding by the bulky acceptor, 
s With the substrates of the present invention, an enzyme's proteolytic activity can be monitored over 
time due to the continuous increase in fluorescence intensity; as the enzyme cleaves the peptide there is a 
continuous and increasing liberation of the fluorophore. Furthermore, this increase is linearly related to the 
rate of hydrolysis of the fluorogenic substrate because for each mole of substrate which is cleavad, the total 
fluorescence is increased by the net intensity due to the presence of one mole of newly created donor- 

w peptide fragment. This phenomenon has been found to advantageously serve as the basis of a sensitive 
and quantitative assay in which proteolytic reaction velocities can be determined by detecting the change in 
fluorescence over time. In addition, the fluorogenic substrates of the present invention can be used to 
determine an enzyme's activity in the presence of an enzyme inhibitor. Therefore, the novel substrates can 
be advantageously used for the rapid and large-scale screening of compounds derived from a variety of 
■ >s sources, including existing libraries of proteolytic enzyme inhibitors and microbial fermentation beers, as 
well as new synthetic enzyme inhibitors. 

In brief, the inhibitory potency of a compound can be determined by the following method. A reaction 
mixture is formed by combining a protease enzyme, (e.g., HIV protease), a protease inhibitor compound, 
including but not limited to pepstatin, acetylpepstatin, etc., and a fluorogenic substrate (e.g., Substrate I) of 

20 the present invention. Typically, the assay reaction is performed using buffered solutions, and the reaction 
is allowed to proceed to virtual completion. The hydrolysis of the fluorogenic substrate by the protease 
enzyme is monitored by steady state fluorescence using a spectrofluorometer. Fluorescence intensity 
measurements can be acquired continuously and recorded directly by an interfaced microcomputer. The 
rate of fluorescent substrate hydrolysis can then be computed from a linear regression analysis. In this 

25 assay, the rate of hydrolysis of the fluorogenic substrate is directly proportional to the concentration of the 
protease. By omitting the protease inhibitor compound from the reaction mixture, the rate of change in 
fluorescent intensity due to the enzyme's activity can be determined. Virtually any protease enzyme can be 
detected by the present invention. The protease enzymes used in the exemplary descriptions which follow 
can be produced in accordance with the descriptions of J. Hansen, et al., EMBO J. 7, 1785 (1988); T.D. 

30 Meek et al., Proc. Natl. Acad. Sci. 86, 1841 (1989); and R.F. Nutt et al.. Proc. Natl. Acad. Sci. 85. 7129 
(1988) which are incorporated by reference herein. 

The success of the fluorescence intramolecular resonance energy transfer approach is based upon the 
choice of the appropriate donor/acceptor energy transfer pair. By optimizing the energy transfer efficiency 
between the donor and acceptor, the residual fluorescence of the donor component of the intact substrate is 

35 minimized, which in turn results in a large change in fluorescence signal as the substrate, is cleaved. This 
characteristic enables reaction rate determinations from the hydrolysis of a very small fraction of total 
substrate, an aspect that is highly desirable for estimating initial reaction velocities. 

The selection of EDANS and DABCYL as one preferred donor/acceptor pair was based upon a number 
of considerations. First, there is an extremely high spectral overlap of the EDANS fluorescence emission 

ao with the strong visible absorption band of DABCYL. leading to very efficient energy transfer. 

Second, the use of a relatively long lived fluorescence donor, such as EDANS, leads to improved 
suppression of residual substrate fluorescence, because enhancement of intramolecular resonance energy 
transfer due to diffusion of the donor and acceptor moieties becomes significant. For example, in Substrates 
I and II the maximal donor/acceptor separation distance (R) is expected to be about 29 angstroms 

45 (assuming an extended octapeptide configuration). Ro. the Foerster distance for 50% energy transfer 
efficiency, was estimated to be 33 angstroms for this donor/acceptor pair. Therefore, R is less than Ro, and 
the efficiency of energy transfer increases steeply with decreasing R for distances R < Ro- Assuming a 
relative intramolecular diffusion coefficient of the ends of Substrate I to be 5 x 10 -7 cm 2 /second [E. Haas, et 
al., Biopo|ymers 17, 11 (1978)). a 20-fold quenching of donor fluorescence would be achieved at R = 0.61 

so Ro. and a 65-fold quenching at R = 0.5 Ro- The donor and acceptor could move approximately 13 
angstroms relative to one another during the excited state lifetime of EDANS. 

Ro was estimated using a value of 0.67 for the orientation factor, which is valid when donor and 
acceptor dipoles undergo a dynamic randomization of relative orientations during the excited state lifetime 
of the donor [L. Stryer, Ann. Rev. Biochem. 47, 819 (1978) for a review of resonance energy transfer 

55 calculations.] This assumption was considered reasonable because of the considerable flexibility of the 
DABCYL and EDANS linkages to the peptide, as well as the flexibility of the peptide itself. A value for the 
donor quantum yield (Q) of 0.13 was used on the basis of the yield measured for the substrate fragment 
Pro-lle-Val-QIn-EDANS, made by comparison to quinine sulfate in 1 N sulfuric acid [Q= 0.546; ,J.N. 
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Demas, et al.. J. Phys. Chem. 75, 991(1971).] 

Third, the detectability of EDANS is enhanced by several factors, including its moderately good 
quantum yield, reasonable stability against photobleaching, and a large spectral separation of its absorption 
and emission bands. Figure 1 illustrates the absorption spectrum and the technical fluorescence spectrum 
of EDANS, as well as the DABCYL absorption spectrum. The figure illustrates the overlap of the EDANS 
fluorescence and the DABCYL absorption spectra, which leads to their efficient rate of energy transfer as a 
donor/acceptor pair. The absorption spectrum of EDANS is included to show the large spectral separation of 
its absorption and emission bands (Stokes shift of over 100 nanometers), which resulted in the ability to 
detect low concentrations of EDANS, and therefore, further enhanced the sensitivity of the assay. 

Fourth, the solubility of EDANS in water is particularly beneficial for solubilizing hydrophobic peptides 
such as those which are suitable for use in fluorogenic substrates for HIV protease. 

Fifth, the well-separated visible absorption band of DABCYL facilitates substrate purification and 
quantitation, as well as the analysis of the substrate fragments produced by proteolysis. The fact that 
DABCYL is also non-fluorescent improves the detectability of EDANS fluorescence because It allows the 
latter to be measured using cut-off filters or very wide band pass monochromator slits or filters. In principle 
it should be possible to utilize an acceptor which is also fluorescent and to obtain reaction rates by 
monitoring the time-dependent decrease in sensitized acceptor fluorescence. In practice, however, obtaining 
comparable sensitivity by use of this method is more difficult because it requires using a donor/acceptor 
pair in which (1) the donor can be excited without significant direct excitation of the quenching acceptor, 
and (2) the acceptor and donor fluorescence spectra are well-separated from one another. 

In the present invention, intramolecular resonance energy transfer can be effectively used to assay 
retroviral protease activity even when relatively large peptides are used in the fluorescent substrates. The 
simplicity, rapidity, and precision of the intramolecular resonance energy transfer assay facilitates Its 
adaptation to many uses and formats. The substrates are especially useful for enzymological studies and 
for the characterization of compounds which may be of value as protease inhibitors. For large scale 
screening, the intramolecular resonance energy transfer assay lends itself readily to automated formats 
such as the 96-well fluorescence plate reader. The intramolecular resonance energy transfer approach is 
also useful in studies on the substrate specificity requirements of the retroviral proteases, because an 
efficient donor/acceptor pair can be employed with virtually any peptide sequence or macromolecule, 
requiring only that the donor and acceptor groups can be positioned so as to minimally perturb the 
enzyme/substrate interaction. 

The invention is further illustrated by the following examples and experiments. 



EXAMPLES 



Example 1 



Preparation of Fluorogenic Substrates 



The following example describes the preparation of fluorogenic Substrate I. The fluorescent donor was 
EDANS, and the quenching acceptor was DABCYL linked via a gaba spacer. 

The Ser-Gln-Asn-Tyr-Pro-lle-Val-GIn and Ser-Val-Val-Tyr-Pro-Val-Val-GIn octapeptides (Multiple Peptide 
Systems. San Diego, CA) of Substrates I and II were derivatized using conventional condensation chemistry 
of DABCYL and EDANS with the octapeptides' amino and carboxyl termini, respectively. 



a Preparation of DABCYL-gaba-N-hydroxy-succinimide 

4-(p-Dimethylaminophenyl-azo)-benzoic acid (dabcyl-OH), prepared by adding a sufficient amount of pH 
4.0 buffer to a solution of the corresponding sodium salt (available from Sigma, St Louis, MO) in boiling 
water, was dissolved in dimethyl formaldehyde (DMF). and 1.3 equivalents each of dicyclohexyl car- 
bodiimide (DCC) and N-hydroxysuccinimide (NHS) were added. After completion of the reaction, as 
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indicated by thin layer chromatography (TLC). the mixture was concentrated and the residue was triturated 
with methylene chloride to remove insoluble by-product, N, N -dicyclohexylurea (DCU). The methylene 
chloride solution was concentrated to provide almost pure DABCYL-NHS. This material was redissolved in 
DMF. and 1.2 equivalents of 4-amino-butyric acid (gaba) were added, followed by the addition of 1.2 
equivalents of triethylamine. The mixture was stirred at room temperature until completion of the reaction 
(as indicated by TLC). The DMF was evaporated, and the residue was recrystallized from methanol- 
methylene chloride mixture to provide substantially pure DABCYL-gaba-OH. 

DABCYL-gaba-OH (2.0 g. 5.6 mmol.) was dissolved in dry DMF (300 mL). To the solution was added 
0.8 grams of NHS (1.2 eq) and 1.4 grams of DCC (1.2 eq). TLC indicated completion of the reaction after 
stirring at room temperature overnight. The solid material was filtered. The filtrate was concentrated, and the 
residue was washed, twice, with methylene chloride to remove remaining DCU. Then, the methylene 
chloride solution was chromatographed on a silica column, with EtOAc as the elutant, to provide 1.58 grams 
of pure D ABC YL-gaba- NHS. 



b. Preparation of DABCYL-gaba-Ser-Gln-Asn-Tyr-Pro-lle-Val-Gin 

The peptide Ser-Gln-Asn-Tyr-Pro-lle-Val-GIn (49.0 mg, 0.046 mmol) was dissolved in dry DMF (50 mL). 
and triethylamine (approximately 0.2 mL. excess) was added to the solution. Approximately 1.2 equivalents, 
of DABCYL-gaba-NHS was then added to the solution. After stirring at room temperature overnight, the 
solvent was evaporated and the residue was triturated with methylene chloride. Substantially pure product 
(60 mg) was obtained as a dark red solid upon filtration. 

c. Preparation of DABCYL-aaba-Ser-Gln-Asn-Tyr-Pro-lle-Val-Gln-EDANS 

DABCYL-gaba-Ser-Gln-Asn-Tyr-Pro-Ue-Val-GIn (50.0 mg, 0.039 mmol) was dissolved in dry DMF (50 
mL). To the solution was added 1.5 equivalents of 5-(2-aminoethylamino)-1 -naphthlenesulfonic acid sodium 
salt (EDANS. Sigma). 1.5 equivalents of NHS. and 1.5 equivalents of 1-ethyl-3-(3-dimethylaminopropyl)- 
carbodiimide hydrochloride (EDC; Sigma). After stirring at room temperature overnight, the mixture was 
concentrated, and the residue was redissolved in a dimethyl sulfoxide (DMSO)-water mixture and subjected 
to HPLC purification. 

HPLC conditions included the following: (i) Rainin C-8 reverse phase column (21 X 250 mm); and (n) a 
solvent gradient using solvent A (100% water with 10 mM sodium acetate [NaOAc], pH 5) for 10 minutes, 
then linear gradient to 60% solvent B (90% aqueous acetonitrile with 10 mM NaOAc, pH 5) over a period of 
60 minutes. Typically, when a dual-channel UV-VIS detector was used, the desired HPLC peak had a ratio 
of absorption at 490 nm to absorption at 260 nm of roughly one, which is diagnostic for the desired product. 
The fractions that contained the desired product were combined and concentrated. The residue was treated 
with DMF and filtered to remove sodium acetate. The DMF filtrate was then evaporated to dryness, and the 
residue was treated with methylene chloride and hexane. A crystalline dark red solid (49.0 mg) was 
obtained upon filtration. 



Example 2 



Fluorogenic Assay for Screening Inhibitors of HIV Protease 



The inhibitor compound (pepstatin. Sigma) was dissolved in DMSO. and a small aliquot was further 
diluted with DMSO to 30 times the final concentration desired for testing. The inhibitor solution (20 uL) was 
slowly added to a buffer solution (380 uL; 0.1 M NaOAc, 1 M sodium chloride. 1 mM ethylenediamine 
tetraacetate. 1 mM dtthiothreftol and 1 .0 mg/ml bovine serum albumin [BSA]) while vigorously vortexing. to 
yield an aqueous solution of the inhibitor. The buffered inhibitor solution was stored at room temperature, 
and it was made within a few hours of use, to minimize time-dependent aggregation of poorly water-soluble 
compounds. 

The protease enzyme, HIV protease, was diluted with the buffer solution which further contained 10% 
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DMSO to form a protease enzyme solution (6.7 n M; 73 ng/mL). me protease enzyme solution was stored 

The assay reaction was carried out in a fluorescence microti n mm\ t~ u 
of 120 microliters is adequate in most fluornmZtarT thT ,Cr0Ce " ( 3m m >' forwh 'ch a total sample volume 

30 C for at least one minute. Prewarmed substrate solution (20 ul_ at 30 *Ci w as ih«n S*I . ?« 

SmeTeX *e 2 ^ ^ P ro P ortional *> *• moles of substrate cleaved per unit 

^0?^^ —calculated as 100 x (1 - (rate in presence of inhibitor)/(rate in 



Fluorogenic Assays for Protease Enzymes 

30 

Example 4 

HPLC Analysis of the Fluorogenic Substrates 
rJ£££S 8XamP, ° deSC,,beS "" HPLC , ™** " "» "°"<" -d'«* 

The detection system permitted the simultaneous acquisition of the chromahwamc w « 
and several absorbance wavelengths, as well as the absorpTon spe^a To T2aT t£ U ° r6SCence 
(excitation at 340 nm emission at aqo ,„h ^ c ^orpnon spectra for all peaks. The fluorescence 
the EDANS and dafSS n-" } d 475 nm ab *»**K» signals, which arise respectively from 

Z^«Z£££ 9r0UPS ' ^ t0 m ° nit0r - d the fragments 'produced b" 

hydrolysis by HIV protease for 2.5 h^^SS.-^* ^ - Sub — ' «-"Q 
prote^seS^^^ fiSL —JTo^T ? "! 

the parent com P os,tion. Substrate ,. However, a value of 40-fo.d ^hanca^L^aSTuS 
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assay conditions is likely to be more accurate because the HPLC. although performed at a similar pH (4.9), 
was carried out in an acetonitrile-water solvent system. The acetonitrile-water medium alters the photophys- 
ical properties of the probes and the conformation of the peptide, which in turn affects the degree of 
quenching by intramolecular resonance energy transfer. 

s Proof that the enzymatic cleavage of the fluorogenic substrate by protease was specific and quantitative 
was obtained in the following manner. First, HPLC analysis of the reaction products after a 2.5 hour 
incubation with HIV protease indicated complete disappearance of the original peptide eluting at 53.5' and 
the concomitant appearance of two new species with retention times of 36.4 and 47.2' (Figure 3 ). This 
result suggested that the fluorogenic substrate had been cleaved quantitatively at a single bond. The 36.4 

io peak exhibited a fluorescence yield characteristic of the unquenched EDANS fluorophore, while the 47.2' 
species was non-fluorescent and present on the 475 nm absorbance chromatogram. The absorption 
spectrum for each peak, acquired on-line during the chromatography, confirmed the assignment of the 
peaks as corresponding to EDANS (36.4), DABCYL (47.2), and EDANS + DABCYL (53.5'). 

The cleavage products of Substrate I, isolated by HPLC, were also subjected to amino acid analysis. 

»5 The fragment eluting at 36.4' was identified as Pro-lle-Val-QIn-EDANS. The fragment eluting at 47.2' was 
identified as DABCYL-Ser-Gln-Asn-Tyr. The analysis confirmed that proteolysis of Substrate I occurred 
specifically at the Tyr-Pro bond. In addition, these two chromophore-labeled tetrapeptjde fragments were 
independently synthesized, and their retention times on reverse phase HPLC were indistinguishable from 
the HIV protease liberated fragments predicted to be the substrate's specific cleavage products. 

20 

Example 5 



25 

Inhibition of HIV Protease by Pepstatin 



The inhibition of HIV protease activity by pepstatin was also examined using the novel fluorogenic 
30 substrates of the present invention. Pepstatin is a potent inhibitor of many cellular aspartic proteinases and 
is a reported inhibitor of HIV protease [S. Seelmeier, et al., Proc. Natl. Acad. Sci. 85. 6612 (1988); C.Z. 
Giam, et al.. J. Biol. Chem. 263,14617 (1988); J. Schneider, et al., Cell 54, 363 (1988); J. Hansen, et al., 
EMBO J. 7. 1785 (1988): P.L Darke, et al.. J. Biol. Chem. 264, 2307 (1989); A.D. Richards, et al.. FEBS Lett 
247, 113 (1989); R.F. Nutt, et al., Proc. Natl. Acad. Sci. 85. 7129 (1988); H.G. Krausslich. et al., Proc. Natl, 
as Acad. Sci. 86.807 (1989)]. 

This example illustrates the measurement of the inhibition of HIV protease by pepstatin at pH 4.7, 
30* C. The reaction was performed substantially in accordance with the procedure described in Example 2. 

The data were obtained for three concentrations of Substrate I (10 nM. 33 uM and 129 uM) and were 
plotted in the form of a Dixon plot of pepstatin concentration (nM) vs. 1/V (reaction velocity; min/nM) [M. 
40 Dixon, Biochem. J. 55, 170 (1953) which is incorporated by reference herein.] The data are presented in 
Figure 4. The point of intersection of the three lines yields an inhibitory constant (K,) of 17 nanomolar which 
indicates that pepstatin is a very potent inhibitor of HIV protease, as it is for most aspartic proteases. 

Data plotted according to the method of Cornish-Bowden, pepstatin concentration (nM) vs. substrate 
concentrationA/ (min/nM), in Figure 5 [A Cornish-Bowden, Biochem. J. 137, 143 (1974)] produced parallel 
45 lines, demonstrating that inhibition of the protease by pepstatin was purely competitive. (The data for the 33 
UM Substrate I concentration were nearly coincident with the 10 uM data and were omitted for clarity.) 



Example 6 

50 



Fluorogenic Assay for AMV Protease 



Fluorogenic Substrate II (DABCYL-gaba-Ser-Val-Val-Tyr-Pro-Val-Val-Gln-EDANS) was found to be an 
efficient substrate for AMV protease, and should therefore be useful for identifying and characterizing 
inhibitors for this enzyme. The assay was performed substantially in accordance with the procedure 

9 
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described in Example 3 



q „.^ P f ° tease ( M ° ecu«ar Genetic Resources. Tampa, FL) was at least 50-fold more .active against 
Substrate II than against Substrate I. Conversely. HIV protease cleaved Substrate I (3.4 uM) ten times faster 
ttan Substrate II (3.4 uM). Pepstatin inhibited AMV protease fairly weakly in this aJsay tftTST 
(concentration of inhibitor yielding 50% inhibition) of about 40 micromoles (uM) at pH ? 



Example 7 



Preparation of Different Fluorogenic Substrates 



the ™al pro teLe £££ flU ° r ° ph ° re and * e ^omogenic quencher was key to the successful design of 
SLZT J ease fluorophoi e-quencher substrates of the present invention. Optimal spectral overlap ie 

to rS I 8 r ,S T h n l** f '"°? SCent d0n ° r With the abs ° rpti0n of the < uenchin 9 acceptor, was Ssi ed 
LnsSZJZ , back9rOUnd f,uo ^ence and therefore the greatest dynamic range for the assay 

T "TJ? SO,Ubi "' ty ° f th6 3CCept0r 3nd donor in buffer. DABCY^was 

chosen as the quencher and EDANS as the fluorophore based upon these considerations 

A series of peptides corresponding to various cleavage sites of HIV protease and AMV protease were 
n^Z^LTn* DA ! CYL 9 T P 3t ^ N " terminUS 3nd EDANS at the terminus to LrfsSies of 
oZSrS^ ^ S c UbStrateS - ^ SUbStrat8S W6re made substantially in accordance with the 
S ir^f 0 " 9 ^P' 6 1 - ' n thiS procedure " was found »»at the azo-type chromophore 
was attached to the N-terminal of peptides via an acetyl 4-amino-butyric acid linkage. omo P"ore 

Alternately a sulfamide of a 4-methylamino butyric acid (maba) linkage could be used The 
corresponding N-labelling reagent. DABSYL-maba-NHS. was prepared as follows. 

feA BSY^maba- OrT) " ^^y'^-^^'-d^^hylaminophenvDazo-benzenesulfonyll-r-amino . butyric acid. 

the illSn 13 " 1 ? 0 H b T^ f id i 1 ° 9 " eXC9S8, A ' driCh Ch8mical Co > was dissolved in water (50 mL). and 
the solut.cn was adjusted to pH 10 with sodium carbonate. A solution of 4^4'^mrthylaminophenyltoo- 
SEZS^i^E Si « ma > in ^"oxyethane (30 mL, was SS ITS S 

was ref uxed overnight. After cooling, the m.xture was concentrated and the residue was chromatoaraohed 
on a s,l,ca gel column with 20% MeOH/EtOAc as the solvent to yield a red solid product^) 7E [ mgt 

L^rr 1 ' 0 " °!< N :T^ y i" N '^ (4 ^ i memylaminophenyl)azob9n2e ^ butyric acid N- 

hydroxy succinimide7(DABSYL-maba-N HS) " — y rrlH _ 

0 7^ N n m ?Q^ N lt"f '^^^y'^j^P^y'Jazo-benzene-sulfbnylK-amino butyric acid (DABSYL-maba-OH 
!Ini!i, ,T ) r, SU r ded m dry dim *h°*yethane (50 mL). N-hydroxy succinimide (03 g 28 
Z^IT d «cyc^exylcarbodiimide (0.45 g. 2.2 mmo.e) were added. After completion of the reaction. £ 
SSf a nnL -h m 9 W3S fi,ter8d to rem ° Ve DCU bv -P rod "<* The filtrate was concentrated to 
« r r6S ! , ^ tn,U,ated With m8thy,ene Chloride twice - ^ solu «on was then chron^atoa- 
raphed on a s.l.ca gel column with EtOAc as solvent to give the desired product DABSYL-maba-NHS X 

^n^T^r^ 1 donor were then attached substantiai,y h aCCOrda - - 
-JlliTS^M were prepared acco ' din * to the p«— 
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Table 1 



Ruorogenic Substrates and Protease Activity 


Substrate 


HIV protease 


AMV 




Activity 


protease 






Activity 


I DABCYL-gaba-Ser-Gln-Asn-Tyr-Pro-lle-Val-Gln-EDANS 


+ 




il DABCYL-gaba-Ser-Val-Val-Tyr-Pro-Val-Val-Gln-EDANS 




+ 


III DABSYL-maba-Val-Ser-Phe-Asn-Phe-Pro-Gln-lle-Thr-Leu-EDANS 


NT" 


NT- 


IV DABSYL-maba-Ser-Gln-Asn-Tyr-Met-lle-Val-Gln-EDANS 


NT" 


NT* 


V DABCYL-gaba-lle-Arg-Gln-Ala-Asn-Phe-Leu-Gly-Leu-EDANS 


+ 


NT 


VI DABCYL-gaba-Ala-Thr-Leu-Asn-Prie-Pro-lle-Ser-Gln-Glu-EDANS 




NT 


VII DABCYL-gaba-Thr-Ala-Thr-lle-Met-Met-Gln-Arg-Gly-Glu-EDANS 


+ 


NT 


VIII DABCYL-gaba-Thr-Phe-Gln-Ala-Tyr-Pro-Leu-Arg-Gln-Ala-EDANS 




+ 



The compound was insufficiently soluble in the assay buffer used. 
NT = not tested. 



Example 8 

25 

Protease Activity Towards Fluorogenic Substrates 



30 The activity of HIV protease and AMV protease towards the different fluorogenic substrates was tested 
substantially in accordance with the procedure described in Example 3 above. The results are summarized 
in Table I. Among these compounds, DABCYL-gaba-Ser-Gln-Asn-Tyr-Pro-lle-Val-Gln-EDANS was studied 
most thoroughly. This compound was' found to be cleaved quite efficiently by HIV protease, but not by 
AMV protease. It was cleaved specifically at the Tyr-Pro linkage to give a fluorescence signal which allowed 

35 continuous monitoring of enzymatic activity. Enzyme kinetics determinations indicated a Michaelis-Menten 
kinetics constant (K m ) of 103 uM and a maximum velocity for the enzymatic reaction (V max ) of 47 
nM/minute. The enzymatic activity of the other compounds in Table I was determined only qualitatively as 
indicated. Substrates V and VI were cleaved by HIV protease, but not as efficiently as was Substrate I. 
Substrate VII was found to be a more efficient substrate the Substrate I, with a Km = 5.9 uM and V^ = 

40 1.8 nM/minute. 



Example 9 



Fluorogenic Donor/Acceptor Substrates with Improved Water Solubility 



Although it was anticipated that the negative charge of EDANS would afford the DABCYL/EDANS, 
donor/acceptor substrates the desired solubility in aqueous media, solubility was a limiting factor. The 
enzyme activity of compounds 3 and 4, from Table 1, was not determined due to their poor solubility. 

Two approaches were taken to increase the solubility of the substrates: modification of the donor or 
acceptor group, or modification of the peptide. 

In the first approach, fluorophores or chromophores with more charges were used to replace EDANS or 
DABCYL. Toward this end, a lucifer yellow type fluorophore, N-(2-aminopentyl)-3-amino-2,7-disulfo-l,8- 
naphthalimide dipotassium salt was used. The two ionic sulfonic, acid groups in this molecule were to 
provide the desired enhancement in solubility. 

11 



EP 0 428 000 A1 



Two compounds were prepared with this fluorophore, DABCYL-gaba-Ser-Gln-Asn-Tvr-Pro-lle-Vai r?in 
lucrfer yel.ow type fluorophore and DABCYL^aba-Vai-Ser-Pne-Asr^ 

E^mpteT ™* SUbStrat8S ^ PrePar6d SUbStantial,y in aCCOrdance the^edu^ deinCn 
6 tha^n™^ 811 su S Bntta " y accordance *» P^ure described in Example 3. have shown 
Ser Gln-Asn-Tyr-Pro-IIe-VahGln-lucrfer yellow type fluorophore in pH 4.7 NaOAc buffer of around 350 uM or 
9 T„ m ^^ S ° n JT th 8 SOlUbiMty ° f ab0Ut 150 UM ,or 1,16 ^ponding EDANS substrate 

n pH 4.7 buffer, the lucifer yellow compound showed an excitation maximum at 440 nm and emission 
™ m at 52 °' ^ abS ° rpti0n maximum of DABCYL around 470 nm * p H 4 7 Thus for 

opbmal protease substrate preparations, a chromogenic quencher having a more optimal specUoveriS 
w.th tte lucrfer yellow type fluorophore should be used to replace DABCYL acceptor group 
acidic fhlTl^f !l! * ! nhanCe S ° ,Ubility W8S t0 modif y *• P e P tide ^ence. by adding polar amino 
1S 2 f2l*Z n ^ eSt ! r ° m *" C,8aVa9e Sit6 - ^P' 83 include His-Ser-Gln-AsnVpr^e-Va^n- 
is His. in wh.ch the h.std.nes boost the solubility, or Arg-Val-Ser-Phe-Asn-Phe-Pro-Gln-lle-Thr-Aro in which 
argm.nes serve to enhance the solubility. The substrates which included these peptidTsSres were 
made substanfally in accordance with the procedure described in Example 1 structures were 

app Ltleto Z^.nn 71 Ski " ed th ! art *■* *° C ° nC8ptS ° f P r9Sent inven «°" ^e equally 
applicable to the production of fluorogenic substrates for other enzymes as well as fnr th« „«, 

20 ™f S V3 : iety ° f flUOr8SCent 3SSay prOCeduras ° r the PrSon" "agent « ^ ^2 
enerovZr^ ^i* 6 Pr ° dUCti ° n * 3 f ' UOr ° 9eniC Substrate - usin 9 *• intramolecuT^ona^e 
a 3 ZtL ZT a l' UOreSC rL d0n ° r ^ 3 qUenChi " 9 aCCept0r ' for use in Acting the presence 
Km Sons anTare in? 6 embod,ments descri ^ herein are intended as examples rather than i 

2S he n!«nt nn h £ encom P ass 3,1 equivalents and subject matter within the spirit and scope of 

25 the invention as descnbed above and as set forth in the following claims. 



Claims 



10 1 . A fluorogenic substrate, comprising: 

a. a peptide, 

b. a fluorescent donor attached to said peptide, and 

c. a quenching acceptor attached to said peptide, 

wherein said peptide has a configuration sufficient for intramolecular resonance energy transfer between 
TJZ°!T d0n ° r ^ qUSnChin9 aCCePt0r ' *" Wherei " Said Pe * ide has a vir^eie TyZ 

2. The fluorogenic substrate according to Claim 1. wherein said fluorescent donor and said ouenchino 
acceptor are separated at a distance of less than about 100 angstroms quenching 

3. The fluorogenic substrate according to Claim 1, wherein said fluorescent donor is selected from tho 
' TSZZfTZ °? f,U ° reSCe, ' n f ' UOreSCe,n deriVa « Ve * N-(2-aminopen^ 

; drmethylaminophenyljazobenzoic acid and derivatives thereof ^nzene suifon.c add. and 4-(4- 

LIistingT 9eniC SUbStrat8 aCC ° rdin9 10 C ' aim 11 Wh6rein S3id •»•*«■ is Elected from the group 
Ser-Gln-Asn-Tyr-Pro-lle-Val-GIn; 
Ser-Val-Val-Tyr-Pro-Val-Val-GIn; 
Val-Ser-Phe-Asn-Phe-Pro-Gln-lle-Thr-Leu; 
Ser-Gln-Asn-Tyr-Met-lle-Val-GIn; 
lle-Arg-Gln-Ala-Asn-Phe-Leu-Gly-Leu; 
Ala-Thr-Leu-Asn-Phe-Pro-lle-Ser-Gln-Glu; 
Thr-Ala-Thr-lle-Met-Met-Gln-Arg-Gly-Glu; 
Thr-Phe-Gln-Ala-Tyr-Pro-Leu-Arg-Gln-Ala: 
His-Ser-Gln-Asn-Tyr-Pro-lle-Val-Gln-His; and 
Arg-Val-Ser-Phe-Asn-Phe-Pro-Gln-lle-Thr-Arg. 

6. The fluorogenic substrate according to Claim 1, having either the formula: 
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7. The fluorogenic substrate according to Claim 1, wherein said fluorescent donor is attached to said 
30 peptide's C-terminus and said quenching acceptor is attached to said peptide's N-terminus. 

8. The fluorogenic substrate according to Claim 1, wherein said viral protease enzyme is human im- 
munodeficiency virus protease. 

9. The fluorogenic substrate according to Claim 1, wherein said viral protease enzyme is avian 
myeloblastosis virus protease. 

35 10. An assay for detecting the presence or activity of a viral protease enzyme in a test sample, comprising 
the steps of: 

a. combining the test sample with a fluorogenic substrate, wherein said fluorogenic substrate comprises 

i. a peptide, 

ii. a fluorescent donor attached to said peptide, and 

40 iii. a quenching acceptor attached to said peptide, wherein said peptide has a configuration sufficient 

for intramolecular resonance energy transfer between said fluorescent donor and said quenching 
acceptor, and wherein the enzyme cleaves said substrate, thereby separating said donor and said 
acceptor: and 

b. detecting said donor's fluorescent emission. 

45 11. The assay according to Claim 10, further comprising continuously detecting said donor's fluorescent 
emission due to substrate hydrolysis. 

12. The assay according to Claim 10, wherein the protease enzyme is human immunodeficiency virus 
protease, and wherein said fluorogenic substrate has the formula: 



55 
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DA8CYL 

EDANS 



.XT 



- Ser-Val-Val-Ty r-Pro-Val-Val-GIn 



DABCYL 



EDANS 



14 a A ^K ay f0r ^ 8teC u n u 9 ^ aptivity of a protease enz *™ inhibitor, comprising the steos of 

t££ZZS£~* 3 Pr ° teaSe - 3 iJKSSd f<uorogenic 

i. a peptide, 

ii. a fluorescent'donor attached to said peptide and 
b. detecting said donor's fluorescent emission. 
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